Abstract. We present a new crustal cross section through the east-west trending ultrahigh-pressure (UHP) Dabie Shan orogenic belt, east central China, based on a 400-km-long seismic refraction profile. Data from our profile reveal that the cratonal blocks north and south of the orogen are composed of 35-km-thick crust consisting of three layers (upper, middle, and lower crust) with average seismic velocities of 6.0 Ϯ 0.2 km/s, 6.5 Ϯ 0.1 km/s, and 6.8 Ϯ 0.1 km/s. The crust reaches a maximum thickness of 41.5 km beneath the northern margin of the orogen, and thus the present-day root beneath the orogen is only 6.5 km thick. The upper mantle velocity is 8.0 Ϯ 0.1 km/s. Modeling of shear wave data indicate that Poisson's ratio increases from 0.24 Ϯ 0.02 in the upper crust to 0.27 Ϯ 0.03 in the lower crust. This result is consistent with a dominantly felsic upper crustal composition and a mafic lower crustal composition within the amphibolite or granulite metamorphic facies. Our seismic model indicates that eclogite, which is abundant in surface exposures within the orogen, is not a volumetrically significant component in the middle or lower crust. Much of the Triassic structure associated with the formation of the UHP rocks of the Dabie Shan has been obscured by post-Triassic igneous activity, extension and large-offset strike-slip faulting. Nevertheless, we can identify a high-velocity (6.3 km/s) zone in the upper (Ͻ5 km depth) crustal core of the orogen which we interpret as a zone of ultrahigh-pressure rocks, a north dipping suture, and an apparent Moho offset that marks a likely active strike-slip fault.
Introduction
The Qinling-Dabie Shan orogenic belt was created by the Triassic subduction of the northern edge of the Yangtze craton and subsequent collision with the Sino-Korean craton ( Figure  1 ). Widespread ultrahigh-pressure (UHP) coesite-bearing ecologite facies rocks in the eastern Dabie Shan indicate that during this collision, crustal rocks were subducted to depths Ͼ120 km and then exhumed [Hacker et al., 1995a] . This Mesozoic orogen, however, is characterized by neither the prominent topography nor thick crust [Zeng et al., 1995; Li and Mooney, 1998 ] that is expected in collisional orogens involving subduction of continental crust. To determine the deep crustal structure of the Dabie Shan, a 400-km-long deep seismic refraction profile was recorded in 1994. In this paper we present a two-dimensional (2-D) model of the crustal structure across the Dabie Shan and relate this structure to the processes that created and later modified the orogen. This model supersedes that of Dong et al. [1996] , who presented a preliminary model based on only a portion of the seismic refraction available data.
Regional Geologic Setting
The Qinling-Dabie Shan orogenic belt extends WNW-ESE for more than 2000 km and contains abundant high-pressure metamorphic rocks including abundant coesite-bearing eclogite and blueschist facies rocks [Liou et al., 1989] . UHP rocks crop out in the three easternmost ranges of the Qinling-Dabie orogen, in the Hong'an, Dabie, and Su-Lu areas (Figure 1 ). These rocks are believed to have been formed by north directed subduction of the Yangtze craton or of a microcontinent beneath the Sino-Korean craton. Structural [Hacker et al., 1995a] , metamorphic [Liou et al., 1995] , and geochronologic [Hacker and Wang, 1995; Hacker et al., 1998 ] data from the Dabie Shan have been interpreted to indicate that exhumation of UHP rocks occurred in two stages. In the Triassic-Jurassic, large-scale normal faults brought the UHP rocks from eclogite facies to amphibolite facies depths [Hacker et al., 1998 ]. From 133 to 122 Ma, northwest-southeast extension coincident with voluminous magmatism brought the UHP rocks to within 10 -15 km of the surface [Hacker et al., 1995a [Hacker et al., , 1998 ].
In the Dabie Shan area, there are three east-southeast trending belts separated by faults ( Paper number 1999JB900415. 0148-0227/00/1999JB900415$09.00 half and Cretaceous plutons and orthogneiss in its northern half [Hacker et al., 1995a] . (3) The Foreland fold belt comprises a thick series of late Proterozoic felsic volcanic rocks and fine-grained sedimentary rocks overlain by Late Proterozoic to Middle Triassic sandstone, limestone, and shale. South of the Foreland fold belt, there are east-west trending folds with several kilometer long wavelengths that continue across the southward projection of the Tan-Lu fault.
The Dabie Shan complex and the Foziling Group are abruptly truncated to the east by the Tan-Lu fault (Figures 1  and 2 ). This apparently sinistral fault may have formed in the Triassic during the continental collision between the SinoKorean and Yangtze cratons [e.g., Yin and Nie, 1993] , and dextral displacement is thought to have continued through the Jurassic and Early Cretaceous [Xu et al., 1987; Chen et al., 1988] . Today this fault is expressed as a post-Late Cretaceous normal fault between the Dabie Shan complex and the Foreland fold belt.
Previous Geophysical Results
Although this study is the first seismic profile across the Dabie Shan itself, there are several nearby seismic reflection and refraction profiles (Figure 1 ). The Eastern Qinling reflection profile [Yuan et al., 1994] is ϳ300 km west of the Dabie Shan. This profile images the Qinling orogen that separates the Sino-Korean and Yangtze cratons. According to Yuan et al. [1994] the reflection data provide evidence that late in the collision process the lower crust of the Qinling orogen was subducted southward beneath the Yangtze craton, whereas the upper crust, was overthrust on a large scale to the south.
Three seismic refraction profiles are located west, south, and north of the orogen (Figure 1 ). These are the Suixian-Anyang profile [Hu et al., 1986] , the Suixian-Yongping profile [Group of Industrial Explosion Observation, 1988] for which a geoscience transect was compiled , and the SuixianMa'an Shan profile [Zheng and Teng, 1989] . All three profiles recorded industrial explosions near the city of Suixian. South of the Dabie Shan, the crustal thickness is 34 km, and the average crustal velocity is 6.35 km/s [Group of Industrial Explosion Observation, 1988] . North of the Dabie Shan, the Hefei basin has a 32-km-thick crust with an average velocity of 6.25 km/s [Zheng and Teng, 1989] . The Suixian-Anyang profile passes through the southern portion of the Sino-Korean cra- ton, which has a 34-km-thick crust with an average velocity of 6.30 km/s [Hu et al., 1986] . The Bouguer gravity data in the study area delineate an ellipsoidal negative anomaly with a Ϫ50 mGal average and Ϫ75 mGal low centered on the Dabie Shan (i.e., 50 km west of shot point ZhZ, Figure 1 ) [Qiu and Guo, 1989] . The negative anomaly correlates with higher topography (ϳ1200 m) and a small (6.5 km) crustal root, as described below. The gravity data have not been modeled in this study.
Layout of the Profile
Our seismic refraction profile trends N25ЊE and begins in the north within the Hefei basin of the Sino-Korean craton, passes through the Dabie Shan, and ends in the Yangtze craton. The profile crosses four significant strike-slip faults from north to south: the Xinyang-Shucheng, Xiaotian-Mozitang, Xiangfan-Guangji, and Tan-Lu faults (Figure 2 ).
Eight shots (Table 1) were recorded by a total of 150 analog recorders. Seismic energy was generated by borehole explosions, with the exception of the shot at ZhZ (Figure 2) , which was an underwater explosion. Shotpoints were spaced ϳ50 km apart, with the exception of shot points BuT and ZhZ which were ϳ90 km apart. The explosive charge of each shot varied from 1000 to 2000 kg, based on the site conditions and the maximum shot-recorder distance. Seismic recorders were spaced 3-4 km outside the orogen and were 1 km apart within the orogen to obtain higher resolution. Most recorders were [after Hacker et al. [1995b] . Shot points are ZhM (Zhuangmu), GuT (Guantin), BuT (Butasi), ZhZ (Zhuangzhong), JnG (Jinggong), ErL (Erlanghe), CaS (Caishan), and ZhG (Zhanggongdu).
three-component seismographs with 1-Hz geophones. The analog records were digitized with a 10-ms sampling interval.
Data Interpretation

General Analysis of Seismic Phases
A complete set of all record sections are presented here. Details of the individual sections will be discussed below. Methods of interpretation of seismic refraction data and model uncertainties are discussed by Mooney [1989] , who estimates that seismic velocities are accurate to better than 3% and boundary depths (e.g., Moho) are accurate to better than 10% of the calculated depth. The phases Pg and Pn are recognizable as the first arrivals on all record sections. Pg, the refracted wave propagating within the upper crust, is observed at distances of Ͻ100 km. Pn, the refraction within the uppermost mantle, is a first arrival at distances beyond 160 km.
Besides the Pg and Pn phases, four other phases can be recognized as secondary arrivals with highly variable clarity. The most prominent secondary phase, PmP, is a wide-angle reflection from the crust-mantle boundary. This phase is visible for all shots. Additional wide-angle reflections, labeled P 1 , P 2 , and P 3 , are variably observed from intracrustal interfaces. These reflections are generally weaker than PmP. One reason for this may be seismic scattering caused by fine-scale structure [Levander et al., 1994] . While it is generally accepted that the crust is grossly layered and that velocity generally increases with depth [Meissner, 1986; Mooney and Brocher, 1987; Christensen and Mooney, 1995] , fine-scale structure can also effect the seismic response of the crust. Numerical modeling demonstrated that such fine-scale structure can be misinterpreted to indicate crustal layering [Mereu and Ojo, 1981; Ojo and Mereu, 1986; Levander and Holliger, 1992; Levander et al., 1994] . Our interpretation is based on the assumption that the phases P 1 , P 2 , and P 3 are ray geometric (i.e., specular) reflections. However, we acknowledge that fine-scale structure probably is also significant. It is unlikely, based on the evidence from global seismic reflection profiles, that the crust contains continuous, smooth specular reflectors at the scale of this study [Levander and Holliger, 1992] . Thus our model is an internally consistent (i.e., satisfying observations from multiple sources and receivers), layered approximation to a heterogeneous crust. Only significantly more dense seismic data will reveal how close this model is to the fine-scale structure.
Shot Point ZhM (Zhuangmu)
Shot point ZhM (Figure 3 ) is located in the Hefei basin of the Sino-Korean craton. Pg has an apparent velocity of 6.15-6.25 km/s at distances from 40 to 75 km. P 1 is a reflection with an apparent velocity of 6.2 km/s between 55 and 90 km. Reflection P 2 is observed between 100 and 140 km with an apparent velocity of 6.2-6.3 km/s. However, the precritical reflection for the phase P 2 is not clear at distances of Ͻ100 km, perhaps due to crustal scattering, as mentioned above. PmP is a very clear, high-amplitude phase from 70 to 270 km. The PmP waveform near the critical angle is remarkably simple, with an abrupt onset that we have modeled using synthetic seismograms with a first-order transition and a significant (ϳ1.0 km/s) jump in velocity. Such crisp PmP waveforms are common in regions that have experienced crustal extension, such as much of western Europe and the Basin and Range [Catchings and Mooney, 1991; Jarchow et al., 1993] . The average crustal velocity, calculated from PmP travel times between 70 and 200 km on the section ZhM, is 6.25 km/s. A strong secondary phase with a low apparent velocity of ϳ6.1 km/s that appears to be a continuation of PmP is observed from 200 to 270 km following Pn. This phase (P x ) cannot simply be the asympotic wide-angle PmP reflection because, in this case, the apparent velocity would be equal to the velocity of the lower crust (6.6 -6.9 km/s in this region). The travel time and amplitude of this phase are similar to a prominent phase observed on the Suixian-Ma'an Shan profile [Zheng and Teng, 1989] are several possible interpretations of it. Zheng and Teng [1989] considered it to be a diffracted wave from the Moho. However, we are able to obtain an excellent travel time fit to the phase P x with a reflection from the bottom of a modest low-velocity zone at a depth of 17 km. This interpretation is essentially the same as that of Ye et al. [1995] , who observed a similar prominent phase in data from the Swiss Alps. Pn is a clear first arrival beyond the distance of 160 km and has an apparent velocity of about 8.0 km/s.
Shot Point GuT (Guantin)
Shotpoint GuT (Figure 3) is also in the Hefei basin, ϳ66 km south of shot point ZhM. In record section GuT-north the apparent velocity of Pg is about 6.15 km/s, in agreement with the reversing data from shot point ZhM. On section GuTsouth the apparent velocity of the Pg phase is 6.2 km/s. Phase P 1 has an apparent velocity of 6.25 km/s between 70 and 110 km. P 2 is a clear reflection at distance between 120 and 160 km, but is very weak at pre-critical distances. PmP is the highest amplitude arrival at distance between 80 and 140 km, but it is not clear beyond 140 km. Pn, with an apparent velocity of 8.1 km/s, is observed as a clear first arrival beyond 170 km.
Shot Point BuT (Butasi)
Shot point BuT (Figure 4) is located in the Foziling schist, ϳ10 km north of the active strike-slip Xinyang-Shucheng fault, and ϳ40 km north of the Cretaceous left-lateral, normal Xiaotian-Mozitang fault. On section BuT-north the apparent velocity of Pg is 6.0 km/s, 0.2 km/s less than the reversed observation (section GuT-south). A deepening of the basement to the north is likely to cause this difference. The phase P 1 can be traced between 30 and 70 km. The phases P 2 and P 3 cannot be recognized on the north section due to the sparse station spacing. PmP is clearly observed at distances of 70 -110 km.
On record section BuT-south, Pg arrival times are about 0.5 s earlier than on the section to the north. This confirms a northward dipping basement. In addition to P 1 , there are two intracrustal reflection phases (P 2 and P 3 ) that are variably visible on the section. Phase PmP is once again very clear and is dominant at distances between 90 and 160 km. PmP travel times at distances of 90 -140 km on record section BuT-south are ϳ1.0 s later than the travel time on section BuT-north. This indicates that the Moho deepens to the south of BuT. The PmP travel times for BuT-south are also about 1.0 s later than for GuT-south (Figure 3) , also indicating that the Moho deepens south of shot point BuT.
Shot Point ZhZ (Zhuangzhong)
Shot point ZhZ (Figure 4) is located within the coesitebearing eclogite unit, with the receivers to the south passing through the UHP zone. The Cretaceous synmagmatic normal fault that dropped the coesite-eclogite unit down relative to the northern orthogneiss in the footwall is exposed a few kilometers north of the shot point. Unlike the other shots, the explo-sion was detonated under water, and reverberations with higher-frequency content are observed on the records.
On record section ZhZ-north, Pg has an apparent velocity of 6.0 km/s. The upper crustal reflection P 1 is weaker than that in the section to the south. Phase P 2 can be traced from 50 to 120 km. P 3 is not at all clear. PmP is the strongest phase on the section beyond 80 km.
On record section ZhZ-south, Pg has an apparent velocity of 5.95 km/s. A distinct phase P 1 with larger amplitude than that of the Pg phase can be traced from 20 to 70 km. This phase is also strong on the section JnG-south (see below). The phases P 2 and P 3 are not clearly observed. The shot pointrecorder distances are too short to record either PmP or Pn.
Shot Point JnG (Jinggong)
Shot point JnG ( Figure 5 ) is located on the Yangtze craton, east of the Tan-Lu fault. It is offset ϳ50 km east of the main line. Because the main line is not perfectly straight, the records beyond 70 km can be approximated as in-line observations (Figure 2) . The travel time of the phase PmP for propagation to the north is similar to ZhZ-north. The phase PmP is also clearly observed on section JnG-south, and this observation is important in view of the lack of PmP from section ZhZ-south.
Shot Point ErL (Erlanghe)
Shot point ErL ( Figure 5 ) is located in the southern half of the high-pressure metamorphic belt, just west of the Tan-Lu fault. The apparent velocity of Pg is 5.95 km/s, in agreement with section ZhZ-south. Although the phase P 1 behind Pg can be traced to 120 km, its energy is weaker than the P 1 on section ZhZ-south. Similar to section BuT-south, phase P 2 is strongest at distances of 120 -150 km. PmP is dominant beyond 80 km and consists of a simple waveform with an abrupt onset. The arrival time at 100 km is 0.5 s earlier than on sections ZhZ- Figure 2 . The dominant phases on the section are (1) PmP (reflection from Moho), which has a very simple waveform near the critical distance (ϳ120 km), and (2) P x , which has a low (6.1 km/s) apparent velocity and is interpreted as a wide-angle reflection from the bottom of midcrustal low-velocity zone (see text for additional discussion). The phase refracted just below the Moho (Pn) is clearly recorded as a first arrival. The corresponding shear wave phase Sn was not observed. (bottom) Record section of shot point GuT. The dominant phase PmP stops at about 145 km. The intracrustal phases P 1 and P 2 are weakly recorded at precritical distances (less than ϳ80 km), possibly due to scattering in the crust. north and BuT-south. Pn is weaker than on sections of ZhM and GuT-south. Except for Pg and PmP, all of the phases on the section are weaker than on the section BuT-south.
Shot Point CaS (Caishan)
Shot point CaS (Figure 6 ) is located in the fold-thrust belt south of the Dabie Shan, close to the Yangtze River. On section CaS-north, Pg is generally obscured near the shot point due to the high background noise. P 1 and P 2 are observed variably. The arrival time of PmP is basically the same as that of ErL-north. The profile is not long enough for Pn to be recognized as the first arrival. Although there is only a short observation distance (ϳ10 km) south of the shot point, we can easily see from the late Pg arrival time that the basement deepens beneath the Yangtze River valley.
Shot Point ZhG (Zhanggongdu)
Shot point ZhG (Figure 6 ) is located in the Yangtze craton. Pg can be traced from 10 to 60 km with an apparent velocity of 5.9 km/s. Between Pg and PmP, intracrustal reflection P 2 is evident from 70 to 110 km. The PmP travel time at a distance of 100 km is similar to that on sections CaS and ZhM. Pn appears beyond ϳ160 km as the first arrival and has an apparent velocity of ϳ7.9 km/s.
Two-Dimensional Modeling
A finite difference tomographic inversion method [Vidale, 1988 [Vidale, , 1990 ] was used to model the upper crustal velocity structure based on the Pg arrivals. Modeling of the middle and lower crust and uppermost mantle was then carried out using 2-D forward ray tracing. The travel times and amplitudes of all of these seismic phases have been calculated using the programs "MacRay" [Luetgert, 1992] and "SEIS-83" [Cerveny et al., 1977; Cerveny and Psencik, 1984] . Synthetic seismograms have been calculated using the asymptotic ray theory [Cerveny and Psencik, 1984] .
In the finite difference travel time method, travel times are extrapolated outward from the source region to each point in the model [Vidale, 1988 [Vidale, , 1990 . We used an inversion method A distinct reflection phase (P 1 ) is evident 0.3 to 0.7 s behind the Pg phase on the record section to the south. The Moho reflection, PmP, is clearly recorded to the north, and there is abundant seismic energy following the first arrival, Pg, and before PmP. We identify three intracrustal reflected phases, P 1 , P 2 , and P 3 , but scattering may also contribute to this seismic energy. capable of imaging media containing strong velocity variations [Ammon and Vidale, 1993; Hole, 1992] . The inversion model was parameterized using 4-km cells. To maintain accuracy, a uniform 1 km square grid was used for the travel time calculation. A total of 479 Pg arrival times were used in the inversion. The final velocity model (Figure 7a ) was obtained after 5 iterations. The RMS travel time residual decreased from 0.35 to 0.10 s for the model. There is no significant difference between the models obtained after 5 and 10 iterations. The resolution of the inversion was assessed by summing the number of rays traveling through each cell (Figure 7b ). The central part of the profile (between 90 and 270 km) was covered by more than 25 rays. The rays in the area between 100 and 200 km on Figure 7b do not penetrate below a depth of ϳ5 km due to the presence of a high-velocity zone. Velocities at depths Ͻ5 km are well resolved, especially in the central part of the profile. The most prominent feature is a high-velocity (6.3 km/s) zone beneath shotpoint ZhZ, in the middle of the UHP zone. We discuss this feature below.
The crustal structure below ϳ10 km was determined from the wide-angle reflections. As discussed earlier, phase P 1 has a high amplitude on the record section of ZhZ-south. The difference of travel time between P 1 and Pg at distances of 20 and 70 km are 0.75 and 0.3 s, respectively. The calculation of synthetic seismograms indicates that a higher velocity layer (6.4 km/s) beneath an interface at a depth of ϳ7 km provides a good match to the Pg/P 1 amplitude ratio. The high-velocity (6.4 km/s) layer is modeled as a thin layer in order to fit the travel times of later arriving phase, (i.e., P 2 , P 3 , PmP) and because a thicker layer at shallow depth would cause an unreasonably large gravity anomaly. Figure 8 shows the comparison between observed and calculated travel time data and between observed and synthetic seismograms from shot point BuT. The observed and calculated travel times and amplitudes are in reasonable agreement. The greater complexity of the observed wave field compared with the synthetic wave field indicates that the crust does not contain continuous, smooth specular reflectors, as was mentioned earlier. Scattering in the crust may also contribute to the amplitude misfits between the calculated and observed intracrustal phases.
The 2-D crustal velocity structure across the Dabie Shan is shown in Figure 9a . The contoured velocity values are the The PmP reflection is very clear, and the travel time curvature constrains the average crustal velocity to ϳ6.3 km/s. The intracrustal reflection P 2 is well recorded at distances around 140 km. The refraction from to uppermost mantle, Pn, is not visible in these data. result of interative forward modeling of seismic travel times of phases arriving after Pg. The location of seismic control on the depth of the crustal boundaries is indicated by heavy solid lines. The Moho discontinuity is ϳ6 km deeper beneath the Xiaotian fault than beneath the Sino-Korean and Yangtze cratons, where an offset of ϳ3.5 km appears to exist. The Moho offset was inferred from (1) a travel time difference of 1.0 s for the PmP reflection as recorded from shot points GuT and BuT, even though the distance between the two shot points is only 40 km ( Figures 3 and 4) ; (2) PmP arrivals from shot point GuT-south, which are very clear from 90 to 145 km and are abruptly interrupted at the distance of ϳ145 km (Figure 3) ; and (3) the clear travel time difference of 1.0 s for PmP from BuT-north versus BuT-south (Figure 4 ).
S Wave Velocity and Poisson's Ratio
The horizontal components of the seismic records were used to determine the shear wave velocity structure beneath the Dabie Shan. The phases Sg and SmS appear clearly on the record sections of most shot points (e.g., ErL in Figure 10 ). However, the uppermost mantle phase Sn can not be identified on the record sections. In addition, the converted wave PmS reflected from the Moho can be recognized on the records of BuT and JnG. The S wave velocity model was obtained using two-dimensional ray tracing, as for the P wave model. S wave velocities and Poisson's ratio within the crust are shown in Figure 9b . Fourteen out of fifteen values of Poisson's ratio are in the range 0.23-0.27 (one value is 0.29). Because the S wave phases reflected on the intracrustal interfaces are generally more difficult to identify than P wave reflections, the S wave velocities in the midcrust have larger uncertainties. However, the very clear PmP and SmS reflections provide very good constraints on the average whole crustal Poisson's ratio (0.25-0.26; Figure 9b ). The fact that the many record sections contain both clear Pn and SmS phases, but lack the phase Sn, may indicate a negative S wave velocity gradient in the uppermost mantle.
Our seismic model indicates that Poisson's ratio, which is an indicator of crustal composition [e.g., Holbrook et al., 1992; Christensen, 1996] varies with depth from 0.23-0.26 in the Figure 6 . (top) Trace-normalized low-pass filter (10 Hz) record section of shot point CaS. PmP is clearly observed, but the intracrustal reflections P 1 and P 2 are not highly coherent phases, even in the most densely recorded portions of the profile. Seismic scattering may play a role in the generation of the P 1 and P 2 phases. (bottom) Record section of shot point ZhG. PmP and Pn arrival phases are clearly observed. These observations, together with the reversing profile from shotpoint ZhM-south, and provide strong constraints on the average crustal velocity, crustal thickness and uppermost mantle velocity.
upper crust to 0.26 -0.29 in the lower crust. Estimated uncertainties are 0.02-0.03. The composition of the crust of eastern China, including the area of the Dabie Shan orogen, has previously been discussed by Gao et al. [1998] , Li and Mooney [1998] , and Kern et al. [1998] . The combined compressional and shear wave model (Figure 9 ) is consistent with these previous models for an upper crustal composition of felsic metasedimentary and granitic rocks, a middle crust of intermediate (dioritic) composition, and a lower crustal composition of intermediateto-mafic rocks in the amphibolite to granulite metamorphic facies. There is no seismic evidence for a volumetrically significant amount of high-velocity eclogite within the deeper crust, despite the fact that eclogite is locally exposed within the Dabie Shan ].
Discussion
Despite significant collisional convergence in the Mesozoic and the presence of surficial ultrahigh-pressure rocks, only a modest crustal root presently exists beneath the Dabie Shan. The crust thickens from 35 km beneath the Yangtze craton to 41.5 km at the northern margin of the Dabie Shan and thins to 34 km beneath the Sino-Korean craton. The average velocities of the crust beneath the Yangtze craton, the Dabie Shan, and the Sino-Korean craton are 6. 35, 6.30, and 6 .25 km/s, respectively. Both the Yangtze craton and the Sino-Korean craton have a three-layer crustal structure with velocities of 6.0 -6.2, 6.5, and 6.8 km/s. A high-velocity (7.0 -7.4 km/s) lower crust, which is common beneath platforms and shields [Holbrook et al., 1992; Rudnick and Fountain, 1995; Christensen and Mooney, 1995] , is not present. The seismic velocity beneath the Moho is a typical continental value of 8.0 Ϯ 0.1 km/s. Dong et al. [1996] used a portion of these same seismic refraction data to get a preliminary crustal model that differs in several important details from our paper. For example, their model has no upper crustal high-velocity (6.3 km/s) zone beneath the UHP belt (Figure 7) , and no Moho offset beneath the Xinyang-Shucheng fault ( Figure 9 ). Our model contains more details than that of Dong et al. [1996] because we have modeled the complete data set with a combination of finite difference travel time and 2-D ray trace methods.
The structure of eastern China, including the Dabie Shan, is comparable to highly extended crust, which has an average thickness of 30.5 Ϯ 5.3 km and average crustal velocity of 6.21 Ϯ 0.22 km/s [Li and Mooney, 1998; Christensen and Mooney, 1995; Rudnick and Fountain, 1995] . Recent global seismic tomographic inversions indicate that the lithosphere is significantly thinner beneath eastern China than beneath the Siberian craton, Canadian shield, or Baltic shield [Ekström et al., 1997] . These observations indicate that the lithosphere has been thinned in eastern China, including beneath the Dabie Shan, and that the crust has undergone moderate extension. This interpretation is supported by high heat flow (58 -87 mW/ m 2 ) and quantitative modeling that suggests a lithospheric thermal thickness of Ͻ100 km [Yuan, 1996] . Taking these observations further, Gao et al. [1998] and Kern et al. [1998] speculate that a mafic (eclogitic) lower crust in eastern China, (a) P wave crustal structure. The velocity of upper crust (0 -7 km) is determined from Pg using the finite difference inversion. The interfaces were determined by the arrival times of the wide-angle reflection and Pn waves from the all eight shots. Dashed line indicates the Moho offset. Velocities are accurate to better than 3%; depth of boundaries is accurate to better than 10% of the total depth [Mooney, 1989] . (b) S wave velocity and Poisson's ratio in the crustal structure, which has the same interfaces as the P wave model. Velocities and Poisson's ratios denoted with brackets indicate larger uncertainties (ϳ5% in shear wave velocity; ϳ15% in Poisson's ratio). (c) Geological interpretation of Dabie Shan orogenic structure. See discussion, including key to numbers, in text.
including the Dabie Shan, was delaminated and recycled into the upper mantle during Cenozoic crustal extension.
We have combined our seismic model and the geological interpretation of Hacker et al. [1998] in a speculative crustal cross section of the Dabie Shan (Figure 9c ). Referring to the numbered structural elements in Figure 9c , the active Tan-Lu fault (1) is an east dipping normal fault with a clear seismic signature defined by higher velocities in its footwall. As noted earlier, the conventional interpretation of the Tan-Lu fault is that it began as a Triassic sinistral strike-slip fault [e.g., Yin and Nie, 1993] ; steep velocity gradients (2) east of the interpreted position of the modern Tan-Lu fault may reflect this older structure. Oblique normal faults that bound the Yangtze River SE of the Dabie Shan (3) can also be correlated with velocity gradients. An active sinistral strike-slip fault near the northern topographic limit of the Dabie Shan, the Xinyang-Shucheng fault (4), has no clear seismic signature within the crust; however, we speculate that it is responsible for the observed Moho offset (5). The seismic velocity structure south of the Dabie Shan may reflect contractional deformation associated with the fold-thrust belt (6). Likewise, we interpret the seismic velocity structure beneath the northern Hefei basin as reflecting thrusting in the hanging wall of the Sino-Korean crust, with middle crustal rocks (8) over supracrustal rocks (7). More speculatively, we tie the homoclinal south dipping foliation and south plunging lineation within the high-to ultrahigh-pressure section exposed in the southern Dabie Shan [Hacker et al., 1995b] to the northward increasing velocity gradient at (9). Hacker et al. [1998] described the pre-Cretaceous structure of the Dabie Shan as a crustal-scale antiform formed by warping of the highto ultrahigh-pressure slab drawn southward out from beneath the Sino-Korean craton. We postulate that northward increasing velocity gradients at (10) and southward increasing velocity gradients at (11) are part of this antiform, which uplifts rocks with midcrustal velocities into the upper crust. This leads further to the implication that the suture between the two cratons is north of this antiform (not at the Moho offset), and we speculatively show it at location (12), dipping north beneath the trace of the isotopically defined crustal suture [Hacker et al., 1998 ]. Cretaceous normal faults that bound the southern (13) and northern (14) edges of the northern Dabie Shan magmatic-extensional complex have no clear seismic signature.
Conclusions
The crustal structure of the Dabie Shan has been determined from a new deep seismic refraction profile. In the shallow crust beneath the exposed ultrahigh pressure (UHP) rocks, there is a broad (50 km wide) high-velocity (6.2-6.3 km/s) zone centered at a depth of 4 -5 km and a thin (1 km thick) highvelocity (6.4 km/s) layer at a depth of 8 km. Below 9 km, the middle and lower crust beneath the UHP zone are very similar to the crust to the north and south (i.e., beneath the SinoKorean and Yangtze cratons, respectively). This suggests that UHP rocks are primarily concentrated in the upper crust (above 9 km depth) of the orogen. Our seismic model indicates that ecolgite is not volumetrically significant within the middle or lower crust.
There is only a modest (6.5 km deep) crustal root beneath the Dabie Shan. The thickness of the crust ranges from ϳ35 km beneath the Yangtze and Sino-Korean cratons to a maximum of 41.5 km at the northern margin of the Dabie Shan. The small variation in depth to the Moho along this 400-kmlong profile indicates that the crust involved in the Triassic collision has undergone postcollisional thinning. This has been accomplished by a combination of isostatic uplift, erosion, and moderate crustal extension. An observed Moho offset is likely due to an active strike-slip fault. Much of the Triassic structure associated with the formation of the orogen and UHP rocks has been obscured by post-Triassic events. However, the crustal velocity structure determined for this profile is compatible with a north dipping suture located north of the Dabie Shan (Figure 9c ) and an antiformal culmination of UHP rocks in the center of the Dabie Shan (Figure 7) . 
